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Abstract—Mapping land use and land cover (LULC) changes at regional scales is essential for a wide range 
of applications, including landslide, erosion, land planning, global warming etc. LULC alterations (based 
especially on human activities), negatively affect the patterns of climate, the patterns of natural hazard and 
socio-economic dynamics in global and local scale. However, LULC change, especially those caused by 
human activities, is one of the most important component environmental changes (Jensen, 2005). LULC is 
an important component in understanding the interactions of the human activities with the environment and 
thus it is necessary to be able to simulate changes. The aim of this study is to identify, evaluate and examines 
the spatial and temporal change detection of LULC in the study area during the time periods of 1984 to 2018 
with emphasis on accuracy assessment to judge the applicability of maximum likelihood classifier (MLC) 
method in this case of study, and to ensure the accurate change detection. To investigate the (LULCC) 
changes in the semi-arid of Eastern Sudan from 1984 to 2018, the study has been done through remote 
sensing and (GIS) approach incorporated with field verifications for extracting information. This was done 
by downloading free of cloud and processing multi-spectral Landsat satellite imageries covering the study 
area over successive periods (1984 and 2018). The maximum likelihood classifier (MLC) method applied for 
mapping of LULC based on pixel-by-pixel and image differencing, which are used to enhance the change 
assessment. Ground truth observations are also performing to check the accuracy assessment of the 
classification. The methods employed in this study were, data identification and acquisition, image pre- 
processing and processing, validation, post classification, matrix of change, interpretation and maps change 
presentation. The images were classified into five thematic LULC classes which were; Dense trees and 
shrubs, low dense vegetation, farmland bare/grassland, moving sand and stabilized sand by means of (MLC) 
based on supervised classification technique with acceptable accuracy assessment. Pre-classification and 
post-classification change detection (CD) methodologies were executed using image change detection (CD) 
and image differencing by matrix of change respectively. These methods gave different results in term of 
LULC areas, and it is generally concluding that supervised classification gave the most accurate results with 
the images of medium spatial resolution. The present study has brought to light that dense trees and shrubs 
that occupied an area about 27401.7ha (11.27%) of the study area in 1984 has increased to 46614.3ha 
(19.17%) in 2018. Whereas, the moving sand occupies an area about 38519.2ha (15.85%) in 1984 has 
increased to 43198ha (17.76%) in 2018 respectively, which are the most dominant classes in the study area. 
Low dense vegetation, farm, bare, grassland and stabilized sand also have experienced change. Low dense 
vegetation has decreases from 20.41% to 19.38%, while the farm, bare, grassland has decreases from 
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24.22% in 1984 to 19.75% in 2018, which represented the cultivated land, as well as decreases in stabilized 
sand from 26.65% in 1984 to 23.84% in 2018 respectively over the 34-year period. Maps of the LULC 
changes available in GIS platform can be used for enhancement of the available tools for further planning 


and environmental factor for future in the region. 


Keywords— Landsat, change detection, remote sensing, semi-arid land, Sudan. 


I. INTRODUCTION 


Land is a very important asset and means to sustain 
livelihood. It is the key and finite resource for most human 
activities including agriculture, industry, forestry, energy 
production, settlement, recreation, and water catchments 
and storage. Land is a fundamental factor of production and 
through much of the course of human history and has been 
tightly linked to economic growth. It comprises biophysical 
qualities such as soil, topography, climate, geology, 
hydrology, biodiversity and political divisions. Land also 
defined as consisting of such socioeconomic factors as 
technology and management. 


Land use and land cover in Sudan constrained by a large 
scale of People and tribal laws and the nature of economic 
and social activity in the region, such as grazing and 
agricultural activity and the coal industry and trade activity 
wood construction. The arable land in Sudan is constitutes 
about one third of the total area of the country, however only 
21% of this arable land is actually cultivated. Over 40% of 
the total area of Sudan consists of pasture and forests. 
Natural pasture provides grazing land for nearly all 
livestock. Forests and woodlands are used to meet the 
population’s demand for consumption of wood products, 
which estimated by 16.8 million cubic meters in 1996. 
Moreover, Forests are exposed to continuous removal and 
clearance either for agricultural expansion or for fire wood 
consumption. (High Council for Environment and Natural 
Resources, 2003). Large area of cultivable lands are situated 
in the region between the Blue Nile and the Atbara River in 
the east, and in the area between the Blue and White Niles 
in the center of Sudan, and in the narrow Nile valley above 
Khartoum and in the valleys of the plains region. 


LULC are among the most important application of earth 
observations (EO) satellite sensor data (Giri and Wang 
2012, Chowdhury et al, 2017). It provides a comprehensive 
and a good understanding of ecosystem monitoring and 
functioning, and responses to environmental factors 
(Muttitanon and Tripathi (2005) and Baumann et al, 2014) 
However, LULC change are terms often used 
interchangeably but the two have different meanings. Some 
areas are occupied by the population for their specific 
purposes such as agriculture, inhabitation, cattle farming is 
called land use (LU) and some areas are covered by natural 
vegetation are called land cover (LC) (Basnet and Khadka 
2020). LU its resources (Meyer 1995). LC on the other hand 
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has also been defined as that which overlays or currently 
covers the ground, especially vegetation, permanent snow 
and ice fields, water bodies or structures (USDA Forest 
Service 1989). 


LC describes the natural and anthropogenic features and 
biophysical condition that can be observed on the earth’s 
surface. Examples include deciduous forests, wetlands, 
developed/built areas, grasslands, water, concrete, etc. LU 
by contrast, describes activities and intention related with 
the land cover that take place on the land and represented 
the current use property. Examples include agriculture, 
cattle, residential homes, shopping centers, tree nurseries, 
state parks, reservoirs, etc. However, Land use is closely 
related with the land cover in many forms such as forests 
are used for both agriculture and animal farming as timber 
works. 


Remote sensing (RS) is the science and to some extent, 
technology, and art of acquiring information about the 
Earth’s surface or on objects or any phenomena from a 
distance without actually being in contact with it (Lillesand, 
et al., 2010 and Jovanovicet al., 2015). RS systems, in the 
first place those in the satellite platforms, provide continual 
and consistent view of the earth making the ability of 
monitoring the earth’s system and human influence on the 
earth easier and it allows identification and classification of 
objects according to type and spatial distribution. Since the 
early days of satellite remote sensing in the 1950’s, 
accessibility, quality, and scope of remote sensing image 
data has been continuously improving, making it a rich data 
source with a wide range of applications. Since these early 
days of satellite, remote sensing the availability and quality 
of image data has been continuously improving. Today, the 
use of remote sensing techniques and data is commonplace 
within many disciplines in the natural and environmental 
sciences and widely acknowledged, which are found in 
many areas of society. The capacity of remote sensing to 
identify and monitor the earth’s surface and the natural 
conditions has increased dramatically in the last few years 
and the sensed data are going to become the crucial 
instrument in natural resource management. It provides high 
resolution satellite images with a high accuracy of large 
areas of land periodically and at various times, which 
contributes to providing information to assist research and 
studies on environmental protection, the exploration of 
natural resources, urban planning, agricultural crop control 
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and other vital civil and military development areas. RS and 
GIS technologies are the best tool for researchers from 
different disciplines (Hoffer, 1978). RS is the main source 
for several kinds of thematic data critical to GIS analyses; 
including data of characteristics. Aerial and Landsat 
satellite images are frequently use to evaluate the LULC 
distribution and to update existing geospatial features. 


In recent years, the applications of RS and GIS have been 
increasing greatly for the earth surface analysis. The data 
captured by the sensor set up at the satellite has high 
capacity to capture in high resolutions, so that the image 
obtained can give lots of information of the earth’s surface, 
which are far from us and out of reach. 


The remote sensor acquires a response, which is based on 
many characteristics of the land surface, including natural 
or artificial cover (Anderson, et al., 1976). Many 
organizations provide and distribute satellite data free of 
charge, for example, the Global Land Cover Facility 
http://glcf.umiacs.umd.edu/index.shtml) and the Swedish 
national Saccess 
(http://saccess.lantmateriet.se/) offer state-of-the-art 
imagery via open access websites. It is a valuable source for 
data on vegetation composition, structure, landscape 
ecology, biology, and physical geography, etc. 


satellite database 


change detection (CD) is the process detaching difference 
between objects and phenomena, which can be observed in 
different time breaks (Pathmanandukumar, 2020). It aims to 
select and put into practice those land uses, which will meet 
the need of the people by securing resources for future 
(Singh & Kumar 2012 and Igbal & Igbal 2018). LULC 
change detection based on remote sensing data is an 
important source of information for various decision 
support systems. Information derived from land use and 
land cover change detection is important to land 
conservation, sustainable development, and management of 
water resources (Tewabel & Fentahun, 2020). Furthermore, 
the LULC change of an area is an outcome of natural and 
socio-economic aspects and their operation by the human in 
time and space. Nowadays, the advancement of geospatial 
technology such as RS and GIS present the best efficient 
tool for analyzing quantitative evaluation and provide a 
baseline for monitoring the extent, impacts and trend of 
LULC as demonstrated by many researchers. 


LULC changes are mostly influenced by increase and 
decrease in population growth in the system (Lambin et al., 
2003), economic growth, and physical factors including 
topography, slope condition, soil type, and climate (Setegn 
et al., 2009; Yalew et al., 2016). LULC change is a matter 
of historical process as relating to how people use the land. 
It modifies the availability of different resources including 
vegetation, soil, and water (Ahmad, 2014). Land use land 


ISSN: 2456-1878 (Int. J. Environ. Agric. Biotech.) 
https://dx.doi.org/10.22161/ijeab. 76.20 


International Journal of Environment, Agriculture and Biotechnology, 7(6)-2022 


cover change is an important issue considering global 
dynamics and their responses to environmental and socio- 
economic drivers (Akpoti et al., 2016; Bewket, 2002; Hurni 
et al., 2005). Land use land cover alterations, negatively 
affect the patterns of climate, natural hazards and socio- 
economic dynamics on a global and local scale (Chakilu & 
Moges, 2017; Hegazy & Kaloop, 2015; Sewnet, 2015; 
Tewabel & Fentahun, 2020). 


LULC changes play a major role in the study of global 
change where LULC and human and natural modifications 
have largely resulted in deforestation, biodiversity loss, 
global warming and increase of natural disaster 
desertification and flooding (Mas et al, 2004 and Dwivedi, 
et al 2005). The growing population and increasing socio- 
economic necessities create a pressure on LULC. This 
pressure results in unplanned and uncontrolled changes in 
LULC (Seto et al, 2002). The LULC alterations are 
generally caused by mismanagement of agricultural, urban, 
range and forestlands, which lead to severe environmental 
problems such as landslides, floods etc. The main reason 
behind the LULC changes includes rapid population 
growth, rural-to-urban migration, reclassification of rural 
areas as urban areas, lack of valuation of ecological 
services, poverty, ignorance of biophysical limitations, and 
use of ecologically incompatible technologies 


Rapid expansions of a human activity are becoming serious 
issues and challenges for land cover conditions (Zaidi et al., 
2017). Its direct impact is felt on the environmental and 
ecological system of the nature. Therefore, the study of the 
change scenario on land use and land cover is important 
work. It is not possible in a short year. Study based on 
decadal time series gives realistic information on the change 
conditions in a large area rather than a small land use and 
land cover. Moreover, remote sensing generally enables 
direct measurements of the earth’s surface and the spatial 
distribution of its physical objects. Social science is 
generally more concerned with why things happen than 
where they happen (Turner, 1998). Determining the effects 
of land use change on the Earth system especially depends 
on the understanding of past land use practices, present land 
use patterns, and prediction of future land use, as affected 
by human institutions, population size and distribution, 
economic development, technology, and other factors. Past 
and present studies conducted by organizations and 
institutions around the world, mostly has concentrated on 
the application of LULC changes (Reis, 2008). 


RS and GIS are powerful and cost-effective tools for 
assessing the spatial and temporal change of LULC (Herold 
et al., 2003; Serra et al., 2008). Nowadays, remote sensing 
data are applicable and valuable for land use and cover 
change detection studies (Yuan et al., 2005). Remote 
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sensing data is the most common source and important 
benefits of the satellite for observing the earth is certainly 
the change classification and monitoring for detection, 
quantification, and mapping of LULC patterns due to its 
repetitive data acquisition, suitable for processing, and 
accurate geo- referencing (Chen et al., 2005; Jensen, 1996). 
Remote sensing satellite imagery has given scientists a 
remarkable way to determine the reasons for LULC changes 
and the resultant consequences due to human activity 
(Cardille, Foley, 2003). In the last few years, numerous 
government agencies all around the world have used the 
satellite remote sensing to monitor and quantify the 
changes. 


However, in Sudan the increase of population growth rate, 
led to increase for food crop production with agriculture 
playing a prominent role in livelihood security. The increase 
use of irrigation and mechanization has brought an increase 
in demand for agricultural land use, which, lead to the 
conversion of other land use types, and vegetation for 
agricultural land use. This has effect and impact on the 
vegetation and environment of the country highly exposed 
to the incidence of environmental, social hazards and 
disasters including drought and desertification, floods, loss 
of biodiversity, ethnic conflicts and poverty (Elhaja et al, 
2017). 


The importance of change detection is to determine which 
LULC class is changing to the other. The most commonly 
LULC change detection methods include image overlay, 
classification comparisons of LULC statistics, change 
vector analysis, principal component analysis, image 
rationing and the differencing of normalized difference 
vegetation index (NDVI) (Han et al., 2009). Moreover, 
Methods of change detection can be classified into three 
categories: characteristic analysis of spectral type, vector 
analysis of spectral changes and time series analysis 
(Shaoqing, Lu, 2008, Jovanović, et al., 2011). Characteristic 
analysis of spectral type is change detection based on 
spectral classification and calculations. The vector analysis 
is done by using strength and direction characteristics, and 
time series analysis is used to analyze process and trend of 
changes of monitored ground objects, based on 
continuously remotely sensed data. 


There are two basic ways of change detection: first by direct 
overlapping of classified vector classes from both images 
and then visually analyzing the changes and second by 
direct change detection of one image made of combined 
images from different epochs (Jovanovic, et al., 2011 and 
Abualgasim, et al., 2017). 


The primary purpose of using remote sensing- based 
change detection is to monitor land cover change very 
effectively and efficiently. Change detection is the process 
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of detecting and identifying differences in the state of an 
objects or phenomenon by observing it at different time 
intervals (Singh, 1989). Remote sensing-based change 
detection applies comparison of a set of temporal images 
covering the period of interest using specific change 
detection algorithms (Yismaw et al, 2014). LULC change 
analysis using remote sensing techniques gives an 
opportunity to obtain results with low costs, less time 
consumption and good accuracy, and GIS allow updating 
results whenever new data is available (Jovanovic, 2015 and 
Juliev et al, 2018). However, nowadays-remote sensing data 
are applicable and valuable for land use and cover change 
detection studies (Yuan et al., 2005). 


There are several methods for mapping land cover changes 
using remotely sensed data, conventional MLC (Langford, 
Bell, 1997), post-classification, image differencing, and 
principal components  change-detection techniques 
(Macleod, Congalton, 1998), image differencing, vegetative 
index differencing, post-classification change differencing, 
multi-date unsupervised classification (Mas, 1999). 
Determination of the changes which occurs on the Earth in 
the context of the digital image processing require different 
procedures and techniques, some of which are standardized, 
while many other depend on the applications in which the 
image processing is being done. In order to compare one 
image to another it is necessary to compare the pixel of one 
image to the pixel of another. What is necessary to know 
before the detection process itself is the value of the change 
phenomenon, which is very important, i.e. it is necessary to 
conduct the filtration of the certain changes. This can vary 
from one user to another, and from the purpose of change 
detection. Assessment of the trends of LULC dynamics 
using RS and indicators such as anthropogenic activities and 
the socio-demographic information is essential in order to 
make proper planning for sustainable management. 


Il. MATERIAL AND METHODS 


Gash agricultural scheme (GAS) (figure1) is considered the 
first scheme in Kassala state, eastern Sudan, was established 
in 1926 as a key anchor for the livelihood for the people of 
the Gash area to contribute to the rural development 
particularly towards local population around the Gash River 
area and population settlement in eastern Sudan. The 
scheme is located between latitudes 15.3 and 16.3 north and 
longitude 35.5 and 36.3 east, in the semi-desert region, 
irrigated by the Gash River, with a total area of 
approximately 900,000 acres, including 750,000 acres 
covered by the current irrigation system as shown in 
figurel. Using cultivation in three years cycle (rotations 
system) 250.000 acres are cultivated each season. This area 
may increase or decrease depending on the river flooding, 
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the report of preparations for the season of irrigation 
operations and the status of cleaning of mesquite trees and 
weeds. Some forests, villages and other settlements inside 
the scheme cover the remaining areas. However, the scheme 
was constructs for poverty reduction by cash economy 
improvement through cotton and castor cultivation as cash 
crops, as well as Sorghum as the main staple and cash crop 
(Anderson, 2011). The area is characterized by semi-arid 
climatic conditions with rainfall ranges between 50-200 
mm. semi-arid ecosystems with a single rainy season there 
is usually a short growth period followed by a long dry 
season with a great reduction for material (Hinderson, 


International Journal of Environment, Agriculture and Biotechnology, 7(6)-2022 


2004). The area endures intensive land-use pressures, which 
make it highly sensitive to climate fluctuations. Various 
practices in this region, such as changes in fire regimes; 
removal of vegetation and over-grazing have been linked to 
many recognized causes of land degradation (Hielkema et 
al., 1986; IFAD, 2004). In the last decade, the scheme has 
undergone serious deterioration, further drought spells have 
led to increased pressure on meager resources, in addition 
to invasion of unfavorable Mesquite trees. These factors 
lead to acceleration of the degradation process in the study 
area. 


Fig.1: The location of the study area 


In this study, different methods of analyzing satellite images 
are presented, with the aim to identify changes in LULC in 
a certain period of time (1984 - 2018). The area observed in 
this study is the region of (GAS) with its surroundings 
(approximately 2055 km? is the total area of the image 
subset). The methods represented in this study are image 
acquisition, image pre-processing (geo-referencing, image 
corrections, sub-setting, and enhancements), unsupervised 
classification, supervised classification and post 
classification (change detection) as shown in figure 2. 


The study integrate data from different sources and used 
different methods and approaches to analyze the long term 
of LULC changes and trends during the previous four 
decades in Gash Agricultural Scheme (GAS) area. The 
study used imageries from different satellites of Landsat and 
different dates (Landsat 1984 and Landsat 2017) acquired 
in dry season, were acquired in Path and row 171/49 
downloaded from United States Geological Survey (USGS) 
website as shown in table 1. Therefore, to understanding the 
strengths and weaknesses of different types of sensor data is 
essential for the selection of suitable remotely sensed data 
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for image classification (Gomez et al., 2016; Lu & Weng, 
2007). 


Table (1) lists the source and characteristics of each image 
including year of capture and spatial resolution (m). The 
imageries were geo-referenced and radiometrically 
corrected by using ENVI FLAASH software. Anniversary 
data acquisition dates were maintained in order to avoid 
biases that are due to the seasonality, this is essential for CD 
analysis. 


Downloading Landsat images of the required years for the 
study area, random control points, Erdas imagine 10, ENVI 
7 and GIS 11 software, Google earth images for further had 
used in the LULC classification. The imagery data files had 
downloaded in zipped files from USGS website and 
extracted to Tiff format files. The imagery is acquired 
during the dry season in order to avoid the haze and the 
distortion seasonality. The imagery then converted to digital 
image format using Arc-GIS and Erdas imagine software in 
the pre-processing procedure. To perform image 
classification, the raw data must be pre-processed and 
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prepared properly so that error due to the geometry of the 
earth, radiometric and atmospheric effects could be 
accounted. The general procedure in the pre-processing 
stage has included the detection and restoration of bad lines, 
geometric rectification or image registration, radiometric 
calibration, 
correction. 


atmospheric correction, and topographic 


In this study, the pre-processing included radiometric, 
atmospheric and geometric corrections of the satellite 
images in order to remove the systematical mistakes of the 
sensing devices. Radiometric correction comprised the 
process of histogram matching of the satellite images from 
different times, whereas geometric correction meant co- 
registration of the satellite images, so that the images could 
overlap in the best possible way to view. This is important 
because some of the essential methods are based on the 
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comparison of the two images from different times, e.g. 
supervised classification. Dark Object Subtraction (DOS) 
correction used to correct the satellite imagery for 
atmospheric effects because it is a common simple model, 
only on using 
thresholds and histograms of image data for implementation 
(Chavez 1996). The basic assumption is that within the 
image, at least some pixels should have zero reflectance and 


and relies scene-derived parameters 


any non-zero radiance received at the satellite for these 
least-value pixels is due to atmospheric scattering (Chavez 
1996). In remote sensing studies, representative ground 
truth data is a pre-requisite to associate this reflectance 
property to the object and the train classifiers and facilitate 
accurate (Muzein, 2006). 
Investigate the trend changes in each LULC type, the entire 
image has classified by supervised classification method 
using (MLC algorithm) environment. 


automatic classification 


Landsat data base 
mu > gpa 
Image Classifications 


G 


Image date 2 ji 


ouw Y 


Classification 
map of date 1 


A 
Change detection process A 


Change map 


Classification 
map of date 2 


Fig. 2: Flowchart of Change detection (Post-Classification) processing (Adopted by the Author) 


RS is one of the tools which is very important for the 
production of LULC change maps through a process called 
image classification. For the image classification process to 
be successfully, several factors should be considered 
including availability of quality Landsat imagery and 
secondary data, a precise classification process and user’s 
experiences and expertise of the procedures. 


Image classification of six reflective bands of the Landsat 
images was carried out by using MLC method with the aid 
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of ground truth data obtained from aerial images dated 1984 
and 2018 as shown in figure 2. The second part focused on 
LULC change by using change detection comparison (pixel 
by pixel) and matrix of change. 


In this study, for change detection, classification 
comparisons of LULC statistics had used. The areas covered 
by each land cover type for the various periods had 
compared. Then the directions of the changes (positive or 


negative) in each land cover type had determined. 
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Table 1. Data Acquired and Sources 


Satellite type | Acquisition date | Spectral bands | Resolution | Source 

Landsat 1984 4 bands 57m United States Geological Survey (USGS) 

Landsat 2018 7 bands 15m United States Geological Survey (USGS) 
N 35 36 w% 36 36 


16 
16 


15 
15 


0459 16 
ee Kilometers 


35 6 3 3 3 


15 
15 


Fig. 2: Locations of the training ground control points 
samples in the study area 


MI. RESULTS AND DISCUSSION 


The main purpose of this study is to detect, analysis, and 
assess the dynamic of changes in LULC in semi-arid land 
of eastern Sudan. Landsat images for 1984 and 2018 a 34- 
year period were processed and the particular years 
analyzed for land use and land cover changes were 1984 and 
2018. The study area was classified into five land use and 
land cover classes namely; Dense trees and shrubs, Low 
dense vegetation, Farmland bare/grassland, Moving sand 
and Stabilized sand as illustrated in Table (2). 


The spatial distributions of LULC classes illustrated in 
Figures 3 and 4. The cover area and percentage that each 
LULC classes are show in Table 2. Figures 3 and 4 shows 
the percentages of each class cover in the study area. 
According to the results obtained from the classified images 
dated 1984 and 2018, the results observed that the 
distribution of dense trees and shrubs covered an area of 
27401.7ha (11.27%) in 1984 and 46614.3ha (19.17%) in 
2018. Whereas, the moving sand occupies an area from 
38519.2ha (15.85%) to 43198ha (17.76%) of the total area 
in 1984 and 2018 respectively, which are the most dominant 
classes in the study area, they extremely affect the 
agricultural and residential areas as well as threaten the 
Gash River course during the wet and dry seasons together. 


According to the analysis of the LULC changes the results 
revealed that, the dense trees and shrubs as well as moving 
sand areas and their effects on the farm and cultivated areas 
over time are the focal point of attention in the study area. 


The visual comparison between the Landsat imageries 1984 
and 2018 shows that there has been a significant change in 
LULC classes over the years with transformation occurring 
from one class to another. The results revealed that; a drastic 
change occurred during the period of study, showing rapid 
increase of (dense trees and shrubs) which represented an 
invasion of invasive species (Mesquite trees) from 11.27% 
to 19.17%, mobile sand (moving sand) from 15.85% to 
17.76%. While the farm, bare, grassland decreases from 
24.22% to 19.75%, which represented the cultivated land. 
Decreases in stabilized sand from 26.65% to 23.84% was 
also observed during the study period. 


Table 2. LULC category for each study year 


Land Use and 1984 2018 

Land Cover Area (Hec.) Area% Area (Hec.) Area% 
Dense trees and shrubs | 27401.7 11.27 46614.3 19.17 
low dense vegetation 49627.2 20.41 471127.3 19.38 
Farm, bare, grassland | 62756.4 25.81 48024.1 19.75 
stabilized sand 64798.4 26.65 57957 23.84 
moving sand 38519.2 15.85 43198 17.76 
Total 243102.5 100 243102.5 100 
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The result obtained from this study (that is; increase in 
dense trees “forest cover”) is in-line with that of Askar et 
al., 2019 where increase in forest cover was observed in the 
study area over the period of sixteen years as a resultant 
effect of successional recovery after forest fire (Askar et al., 
2019). The study by Juliev et al., 2019 also revealed 
increase in forest area of about 5.7% over the 28 years of 
study in Bostanlik District, Uzbekistan because of 
reforestation project within the study period. Similarly, the 
study by Gozdowski et al., 2020 revealed an increase in 
forested area over the 34 years studied period in Lithuania, 
though the type of forest species is not mentioned in their 
studies. The result of our study also observed that the 
increase of invasive species (mesquite trees) is as a result of 
miss-use of irrigation water and management. The results 
also, observed that there is increase of sand area and 
invasion of mesquite trees at the expense of cultivated land 
(clay soil), this means a decreased in cultivated land, which 
leads to decrease the productivity over time. The results 
observed also the class of farm, bare, grassland area has 
been greatly converting either to the dense trees and shrubs 
class or to moving sand class over the period of the study. 
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Dense trees and shrubs areas have increased from 27401.7 
ha in 1984 to 46614.3 ha in 2018 from the total area of the 
study Table (2). Moreover, in table (2) the results, also 
shows that the three classes ((low dense vegetation), (Farm, 
bare, grassland) and (stabilized sand)) respectively were 
decreased from an areas of ((49627.2 ha in 1984 to 47127.3 
ha in 2018), (62756.4 ha in 1984 to 48024.1 ha in 2018) and 
(64798.4 ha in 1984 to 57957 ha in 2018)) respectively, 
which is due to an expansion of mesquite trees colonies 
areas or due to encouragement of sand moving towards the 
cultivated land in the study area during the period of the 
study. 


The results observed that, during the classification of 
Landsat images data, the residential areas it does not appear 
in the class’s classification program and it was impossible 
to detect the small residential places because the people 
were builds their houses from the trees products (branches) 
and the local materials. Therefore, it is too difficult to 
distinguish between the houses and the vegetation cover in 
the study area during the period of the study. 
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Fig. 3: Classification of LULC based on MLC for image 1984 (Gash Agricultural Scheme) 


To compare the land cover percentage during the period of 
34 years from 1984 to 2018, Figure 3 was generated and 
showed that from 1984 to 2018 there were increments in 
percentage cover of the dense trees and shrubs and moving 
sand classifications while low dense vegetation, Farm, bare, 
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grassland, and stabilized sand went down. The classification 
that showed a big percentage cover change was the dense 
trees and shrubs which increased by slightly over 170% 
followed by moving sand with about 112%. Low dense 
vegetation decreased by about 96% from 1984 to 2018 
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while Farm, bare, grassland and stabilized sand also went 
down by about 76% and 89% respectively within the same 
time as shown in figure 5. 


Increase in moving sand at the expense of other land cover 
were observed within the study period, which is an 
indication of desert encroachment as revealed by the study 
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of Kempf 2021 where extensive expansion of sand land was 
observed in his study in northern China and Mongolia. 
Other study such as that of Zang et al., 2020, Turk and 
Aljughaiman, 2020 linked expansion of bare surface to 
desertification which has consequential effect on endemic 
species and biodiversity. 
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Fig. 4: Classification of LULC based on MLC for image 2018 (Gash Agricultural Scheme) 


Change in the global environment affected by various 
changes in land use and land cover (Qian et al. 2007). 
Urbanization, population growth, land scarcity and 
expansion of agricultural land are among the many drivers 
of LULC change in the world. Therefore, the use of 
remotely sensed data and applying the analysis techniques 
provide accurate, timely and detailed information for 
detecting and monitoring changes in land cover and land 
use. 


In this study, there were five categories of classifications: 
Dense trees and shrubs, low dense vegetation, farmland 
bare/grassland, moving sand and stabilized sand. The dense 
trees and shrubs had a difference in percentage cover of 
about 8% from 1984 to 2018, while the low dense 
vegetation had a negative difference in percentage cover - 
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1.03% over the same period. The farmland bare/grassland 
had a negative percentage cover difference of -6.06% as 
well as stabilized sand (fixed) had also a negative difference 
in percentage cover- 2.81% as an indication of decrease, 
while on the other hand moving sand had a positive 
increased by about 2% in 2018 as illustrated in figure 5. 


Masek et al., 2000) reported that, land use and land cover 
changes respond to forces, which are largely associated with 
the high human population such as socioeconomic, 
political, cultural, demographic and environmental. With 
the current increase in population, the current rates, extents 
and intensities of LULCC may also increase and as a result, 
land resources in Kenya will be strained given that 
approximately 75% of the population engages in agriculture 
but only 20% of its land is arable. 
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Change detection map 1984-2018 
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Fig. 5: Change detection between 1984 and 2018 


IV. CONCLUSIONS 


The 1984-2018, a 34-year period saw a change in the land 
use in the area with the following classifications increasing: 
dense trees and shrubs from 11.27% to 19.17%, and moving 
sand from 15.85% to 17.76%. The classifications that 
realized a reduction were: low dense vegetation from 
20.41% to 19.38%, Farm, bare, grassland from 25.81% to 
19.75% and stabilized sand from 26.65% to 23.84%. 
Therefore, land use and land cover were detected in the area 
over the 34-year period under review. 


V. RECOMMENDATIONS 


The use of satellite imageries and other data sources 
manipulated and integrated a GIS environment provides an 
essential valuable information base from which the cause 
and future environmental change can extracted. 


Monitoring the trends to which ecosystem is changing by 
the use of indicators such as LULC and socio-demographic 
information will be essential in order to make proper 
planning for sustainable ecosystem management. 


Application of spectral land sat satellite imageries of remote 
sensing data offered an effective opportunity for changes 
detection and mapping of LULC in the eastern Sudan as 
well as in semi-arid lands at a relatively low-cost. 
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Based on the above-mentioned findings, the study 
recommends in the future need for more studies to evaluate, 
monitor and mapping the LU/LC dynamics to understand 
the interaction between the land cover, climate derivers and 
the human activities in semi-arid region using remote 
sensing techniques and GIS as an effective, accurate and 
low-cost techniques. The outcome of this type of studies 
represents valuable resources for decision makers to guard 
the environmental changes, and for future development 
projects in Sudan. 
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